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Abstract
Although an increasing body of literature has linked social experiences to physical health, research has yet to consider how
specific aspects of social experiences taking place on social media during late adolescence may predict future physical health
outcomes. This study thus examined qualities of social media posts received from peers at age 21 as predictors of
participants’ physical health (e.g., Interleukin-6 (inflammation), sleep problems, problems with physical functioning, and
BMI) at age 28. Participants included 138 youth (59 men and 79 women); 57% of participants identified as White, 30% as
Black/African American, and 13% as from other or mixed racial/ethnic groups. Posts from friends and participants at age 21
characterized by social ties predicted lower levels of future physical health problems, whereas socially inappropriate “faux
pas” posts that deviated from peer norms by friends predicted higher levels of physical health problems at age 28. These
associations were found after accounting for factors typically associated with physical health outcomes, including
participants’ baseline social competence, internalizing and externalizing symptoms, alcohol use, observed physical
attractiveness, and history of prior hospitalizations. The results of this study suggest the importance of both achieving social
integration with peers online and adhering to peer norms in the online domain as key predictors of future physical health.
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Introduction

Decades of research indicate that social integration – the
extent to which one has meaningful, positive social ties and
with many other people or a large peer group – may “get
under the skin” to shape trajectories of health and disease
(Holt-Lunstad et al., 2010). For example, individuals with a
greater number of friendships may have improved general
health outcomes (Ho, 2016), while those who lack social
support may experience elevated rates of cardiovascular
disease (Czajkowski et al., 2022). But the rise of social
media has ushered in a new era of expanded social

experiences, the consequences of which have yet to be fully
explored (Nesi et al., 2018a). Scholars have theorized that
social experiences that take place online might not simply
mirror those that take place offline; rather, they might be
“transformed”— rendered uniquely intense and impactful
by the social media context (Nesi et al., 2018b). That is, the
perpetual accessibility, permanence, and publicity afforded
by social media platforms may amplify the psychological
and physiological sequelae of the social experiences that
unfold upon them. It is critical to understand the specific
ways in which online social integration may predict or
shape physical health outcomes, particularly for youth,
among whom the use of social media is now near ubiqui-
tous (Auxier & Anderson, 2021). Therefore, the aim of the
present study is to examine how key aspects of social
integration represented in posts on late adolescents’ social
media may be predictors of their subsequent health out-
comes as young adults.

Studies that have been conducted “offline” suggest that
social integration is a particularly potent predictor of phy-
sical wellbeing for people of all ages. Strong social ties, one
aspect of social integration, is associated with reduced
inflammation (Uchino et al., 2018), improved sleep

* David E. Szwedo
szwedode@jmu.edu

1 Department of Graduate Psychology, James Madison University,
70 Alumnae Dr./MSC 7401, Harrisonburg, VA 22807, USA

2 Department of Psychology, University of Virginia,
P.O Box 400400, Charlottesville, VA 22904, USA

3 Department of Psychology, University of British Columbia, 2136
West Mall, Vancouver, BC V6T 1Z4, Canada

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s10964-024-01945-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10964-024-01945-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10964-024-01945-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10964-024-01945-4&domain=pdf
http://orcid.org/0000-0001-7854-9245
http://orcid.org/0000-0001-7854-9245
http://orcid.org/0000-0001-7854-9245
http://orcid.org/0000-0001-7854-9245
http://orcid.org/0000-0001-7854-9245
mailto:szwedode@jmu.edu


(de Grey et al., 2018), more active antiviral responses
(Leschak & Eisenberger, 2019), and lower rates of all-cause
mortality (Holt-Lundstad et al., 2010). Conversely, the
health risks posed by lacking social ties are comparable to
the effects of smoking a pack of cigarettes a day (Holt-
Lundstad et al., 2010). Another aspect of social integration
is indicated by the individual fitting in with the social norms
of the broader peer group. In line with findings on the
benefits of strong social ties, an emerging literature also
suggests that fitting in with the peer group may predict
physical health outcomes (Allen et al., 2015). Adolescents
and adults who adhere to social norms have been found to
report better global health outcomes up to a decade later
(Ferguson et al., 2020), and individuals who value main-
taining social harmony have been found to have lower rates
of hypertension (Merz et al., 2016). In a study of patients
with ulcerative colitis, those who demonstrated an above-
average level of social conformity reported experiencing
less symptom severity (Boye et al., 2008). Finally, another
study found that teens who maintained unusually time-
consuming romantic relationships in adolescence—in other
words, those teens whose relationships were out of step
with developmental norms— experienced heightened blood
pressure 14 years later (Allen et al., 2021).

The achievement of social integration may be so influ-
ential on physical health because of the evolutionary
necessity of group acceptance and cooperation for survival.
Social baseline theory (SBT; Beckes & Coan, 2011) posits
that the human brain innately expects access to supportive
others who can assist in necessary survival goals. In the
actual or anticipated absence of enough supportive others,
the brain perceives a heightened level of threat and acts
accordingly, e.g., increasing vigilance and preparing the
body for conservation of resources (Gross & Medina-
DeVilliers, 2020). Sustained neural perceptions of threat
have been associated with metabolic shifts such as increased
basal glucose levels and alterations in immune functioning
such as heightened inflammatory responses (Slavich, 2020).
This may explain why having a friendship with a close other
is beneficial, but if the individual remains more broadly
disconnected or out of step with their peer group (i.e., not
socially integrated overall), they remain at risk for poor
health outcomes as has been seen in other peer contexts
(Mrug et al., 2012).

Remarkably few studies have examined the relationship
between specific online social experiences and physical
health; even fewer have focused specifically on markers of
social integration or adherence to social norms. One issue is
that social media use may involve many distinct activities,
some of which tap into social integration (e.g., “liking” a
friend’s picture or receiving a comment from a friend), and
some of which do not tap into social integration (e.g.,
“liking” or clicking on links to articles that have been

placed into one’s Facebook “news feed” by an algorithm).
Studies that fail to distinguish between such activities may
ultimately be measuring something more akin to “time spent
on the internet” than social integration. These studies typi-
cally find social media use to be related to worse health
outcomes (Lee et al., 2022). However, spending more time
looking at screens and spending more time online have both
been independently linked to poorer health outcomes (Do
et al., 2013; Domingues-Montanari, 2017), so these studies
may not provide much insight into the true effects of online
social integration.

A handful of studies have examined number of Facebook
friends in relation to physical health; this measure has some
potential to serve as a proxy for social integration. These
studies are mixed in their findings: two have found number
of Facebook friends to be unrelated to physical health (Lima
et al., 2017; Shakya & Christakis, 2017), while two have
found number of Facebook friends to be positively asso-
ciated with measures of physical health (Hobbs et al., 2016;
Nabi et al., 2013). The mixed findings may be attributable
to the limited utility of number of Facebook friends as a
stand-alone measure of social support or social integration.
For example, some individuals have a large objective
number of Facebook “friends” but do not have strong social
ties with nor fit in with these people, and in some cases,
may not even know them.

Some research has been able to examine more fine-
grained data about social media friendships (Hobbs et al.
(2016)). This research was identified how many Facebook
friendships a given participant had initiated (i.e., how many
people the participant “friended”) and how many Facebook
friendships other parties had initiated with the participant
(i.e., how many people “friended” the participant). Partici-
pants who were friended more by others had lower mor-
tality rates 2 years later. The authors hypothesized that
receiving many friend requests was reflective of higher of
social integration. The strong design of this study, including
its longitudinal design and use of a coded, objective mea-
sure of online social experiences, underscore the study’s
credibility. It seems that measures of online social integra-
tion may indeed hold important implications for physical
health outcomes, but that no additional studies have sought
to explore this possibility.

Similarly, there appears to be a lack of research that has
sought to look at fitting in with social norms in a social
media context in relation to physical health outcomes. This
is somewhat surprising, as a growing literature explores
norms of social media use. Researchers have been particu-
larly interested in understanding the parameters of what is
and is not appropriate to post on social media, and the social
consequences of violating such norms of propriety. To this
end, the term “faux pas” has been used by researchers to
describe a certain type of inappropriate social media post:
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“items that might affect employer hiring decisions,”
including photos and comments depicting or referencing
nudity, firearms, illegal drugs, alcohol use, and sexual
activities (Karl et al. (2010). In a study of adults of all ages,
most participants reported being “very unlikely” to post
such content (mean of 1.35 on a 1–5 likelihood scale;
Roulin, 2014). In a study of college students, most parti-
cipants reported being “very unlikely” or “unlikely” to post
such content (mean of 1.51 on a 1–5 likelihood scale; Karl
et al., 2010). Another study of college students found that
participants were significantly more likely to engage in faux
pas posting on Twitter than on Facebook and Instagram
(Miller, 2020). However, most participants still reported
being either “unlikely” or “neither likely nor unlikely” to
post such content on Twitter (mean of 2.415 on a 1–5
likelihood scale). Thus, faux pas posting would indeed
appear to be a non-normative activity among adults of all
ages, particularly on Facebook.

Violating social norms via inappropriate online posting
could hold negative social consequences for social integra-
tion. For example, one study that asked college students
about the appropriateness of posting about romantic rela-
tionship drama on social media found that 74% of the par-
ticipants considered such content inappropriate, and 28.9%
of those participants would either block or unfriend the
inappropriate posters (Roche et al., 2015). This translates to
approximately 20% of the whole sample – meaning that
potentially, 20% of all college students who come across
such a post would remove the poster from their social net-
work. Another study found that approximately 59% of col-
lege students would find posts about getting drunk to be
inappropriate, and 88% find posting about vomiting due to
drinking to be inappropriate (Wolfer, 2017). Moreover,
22.1% percent of participants reported that they would
unfriend someone who posted about vomiting due to
drinking. Crucially, these studies did not ask about partici-
pants’ judgments of people who have relationship drama or
who get drunk in their personal lives – they focused on
judgments of people who post about these things on social
media. Collectively, this literature suggests that young adults
who do not fit in with the broader peer group’s social norms
about appropriate posting are at risk for low social integra-
tion. It therefore seems possible that the implications of faux
pas posting would extend to the domain of physical health.

Current Study

Although offline social experiences have been linked to
physical health, it is unknown whether or not social
experiences taking place on social media may also predict
future physical health outcomes. To address these ques-
tions, the current study used multiple methods and a

longitudinal design to examine the associations between
online indicators of social integration – specifically, those
found in posts on participants’ social media pages –

assessed when participants were 21 years old, and multiple
indicators of physical health, assessed when participants
were 28 years old. It was hypothesized that general online
social activity would not be predictive of future young adult
physical health outcomes after controlling for baseline
social, psychological, and physical variables (Hypothesis
1). As noted previously, it was thought that general activity
on social media, such as number of friends or volume of
activity, would be unlikely to provide insight into differ-
ential levels of social integration. It was next hypothesized
that online social ties with peers, as evidenced on social
media, would predict better future young adult physical
health outcomes after controlling for baseline social, psy-
chological, and physical variables (Hypothesis 2). As suc-
cessful integration into the broader peer group seems to be
key in promoting health, it was suspected that signifiers of
online social ties with peers would promote positive health
outcomes. Finally, it was hypothesized that posts that
deviate from social norms – i.e., those containing “faux pas”
content – would predict worse future young adult physical
health outcomes after controlling for baseline social, psy-
chological, and physical variables (Hypothesis 3). It was
expected that the deviating from social norms for online
posting would signify a lack of integration with the broader
peer group, thereby leading to an increased risk of negative
physical health outcomes.

Methods

Participants

Data are taken from a larger longitudinal investigation of
adolescent social development in family and peer contexts.
Participants included 138 young adults (59 men, 79 women)
from whom interleukin-6 health data (described below)
were collected, out of a total sample of 184 individuals.
Participants were initially recruited from the seventh and
eighth grades of a public middle school serving suburban
and urban populations in the southeastern United States.
Racially and socioeconomically, the sample was repre-
sentative of the community from which it was drawn: 57%
of participants identified themselves as White, 30% as
Black/African American, and 13% as from other or mixed
racial/ethnic groups. Participants’ parents reported a median
family income in the $40,000-$59,999 range at the initial
assessment in 1998–1999. At baseline, participants’ mean
age was 13.35 (SD= 0.64), but data for this study were
taken from two subsequent time points: at approximately
age 21 (M age= 21.62, SD= 1.25), and age 28 (M
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age= 28.59 SD= 1.02). At age 21, participants completed
questionnaires to assess their social competence and level of
internalizing symptoms, and their physical attractiveness
was observationally coded. Participants also consented to
have their social media page (MySpace or Facebook)
observationally coded for indicators of various social
behaviors. At age 28, participants completed questionnaires
about their health, consented to a blood draw to obtain
levels of IL-6, and were measured and weighed to calculate
their BMI.

Attrition Analyses

Attrition analyses examined missing data for each variable
available at baseline. Analyses found that women were
more likely than men to participate at age 28 (p= 0.02), and
that participants who had health data available at age 28
were also more likely to have deviant behavior in their
online posted photos (t=−2.47, p= 0.01). Other than
these differences, there were no other attrition effects. To
best address potential biases due to missing data within
waves, Full Information Maximum Likelihood (FIML)
methods were utilized for all analyses, including all vari-
ables that were linked to future missing data (i.e., where
data were not completely missing at random). These pro-
cedures have been found to provide the least biased esti-
mates when all available data are used for longitudinal
analyses (Arbuckle, 1996). No data is estimated or imputed
in this procedure; rather, it simply accounts and corrects for
biases due to missing data. As a result, all analyses reflect
the entire sample for which there was data at age 28
(n= 138). Alternative longitudinal analyses using only
those without any missing data yielded results that were
substantially identical to those reported below.

Measures

Social, Psychological, and Physical Control Measures
(Age 21)

Self-rated social competence Participants reported on their
social competence at age 21 using the Harter Self-
Perception Profile for Adolescents (Harter, 1988; McElha-
ney & Allen, 2001). Participants rated to what extent one of
two contrasting stem items was more fitting for them, and
then the degree to which that stem described them, on a
4-point scale from “not true at all” to “very true.” Examples
of items from this scale included “Some people wish they
had a really close friend to share things with, but other
people do have a close friend to share things with”, “Some
people are well liked by other people, but other people are
not well liked by other people.” For these items, participants
would thus first determine which part of a statement better

applied to them (i.e. “Some people are well liked by others”,
and then the degree to which that statement applied (i.e.
“true” or “very true”). Responses were averaged to create a
single rating for each scale. For the purposes of this study,
the 5-item competence in close friendships, 4-item social
acceptance, and 4-item romantic appeal subscales of the
instrument were combined to create an overall measure of
social competence. The overall social competence scale
showed good internal consistency, yielding a Cronbach’s
of 0.87.

Self-reported internalizing symptoms Participants com-
pleted the Adult Self Report (Achenbach & Rescorla,
2003), a 126-item measure composed of internalizing,
externalizing, substance use, attention problems, and
thought problems subscales. The internalizing subscale,
which is composed of 32 items assessing anxiety, depres-
sion, withdrawal, and somatic complaints, was used as a
control measure in this study’s analyses. Examples of items
from this scale include “I feel lonely,” I feel confused or in a
fog,” and “I feel that no one loves me.” Items were scored
on a three-point Likert scale where 0= not true,
1= somewhat or sometimes true, and 2= very true or often
true. Scores were summed with higher scores indicate
greater levels of internalizing symptoms. This internalizing
subscale showed good internal consistency, yielding a
Cronbach’s α= 0.91.

Physical attractiveness Participants’ physical attractive-
ness was coded from videotaped observations of partici-
pants and their closest same-gendered friend engaged in
social interaction at age 21. During coding, half of the TV
screen was covered so as to only show the participant. The
audio was muted. Dynamic physical attractiveness (i.e.
capturing both static appearance as well as movement and
expressive behavior) was reliably coded using a naïve rater
strategy on a scale of 1 to 7 with higher scores indicating
greater physical attractiveness (Kopera et al., 1971; Patzer,
1985, Riggio et al., 1991). In a naïve coding system, coders
are told to apply a lay understanding of the meaning of a
given construct. The coding team (n= 8) was naïve to the
purpose of this study, ethnically diverse, included both men
and women, and achieved a reliability of ICC= 0.90 for
their ratings.

Coded Social Media Website Measures (Age 21)

At age 21 participants granted study staff access to their
Facebook or MySpace profiles so that data could be col-
lected from these social media platforms. If participants
indicated they had a profile on both Facebook and
MySpace, data were collected from the platform partici-
pants reported using most frequently (64% Facebook).
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An observational coding system was used to assess the
quality of participants’ online social experiences on these
platforms (Mikami et al., 2010, 2015). For all coded mea-
sures that involved posts received from peers, coders
examined the 20 most recent messages from friends dis-
played on the participant’s web page (discrete posts indivi-
dually stamped with the friend’s name, as the platform did
not allow post strings or groups at the time of the coding).
The 20 most recent posts were examined regardless of the
number of different individuals who made them, and
regardless of the time period over which the comments
occurred. Thirty participants’ web pages, selected at random,
were double-coded to provide an estimate of inter-rater
reliability using intraclass correlation coefficients (ICCs;
Shrout & Fleiss, 1979). Discrepancies between coders were
handled by taking the average of coders’ scores. Social
media data for the present study were collected and coded
between February, 2008 and February, 2010.

General Online Social Activity

Friend network size

The total number of individuals in a participant’s friendship
network was displayed on and recorded from their Face-
book or MySpace page (M= 306.45, SD= 255.67;
ICC= 0.99).

Number of posts on page

At the time of coding, the total number of posts on a par-
ticipant’s page since joining Facebook or MySpace was
displayed on their page, and this was recorded (M= 229.67,
SD= 303.80; Min.= 3, Max.= 2074; ICC= 0.99).

Number of different friends posting on page

The total number of different online friends posting mes-
sages on a participant’s page (within the 20 most recent
posts) was recorded (M= 12.20, SD= 4.11; ICC= 0.96)

Online Social Ties

Number of connection posts

Coders recorded the number of messages posted to the
participant’s page indicating that the poster had seen or
talked to the participant recently, planned to do so in the
future, or which referenced or contained intimate informa-
tion. Posts such as “I can’t wait to see you,” “It was great
seeing you last night,” or “I’ll keep you posted about what’s
going on at school,” would exemplify connection
(M= 7.35, SD= 4.05; ICC= 0.81).

Number of different friends making connection posts

In addition to recording the total number of connection
posts on the participant’s page, coders recorded the number
of unique individuals who made connection posts
(M= 5.28, SD= 2.62; ICC= 0.82).

Pictures with same-age peers

Coders examined pictures posted to participants’ pages for
the presence of groups of same-age peers as a measure of
social ties. Coders were instructed to consider individuals as
same-age peers if they were likely to be within 2 years of
age of the participant based on physical appearance. Photos
posted by participants themselves, as well as by their
friends, were considered. Coders considered participants’
photos as a total set and, using visual cues, assigned a
global rating of 0–3. Participants’ pictures were rated “0” if
there were no pictures posted on their page. Pictures were
rated “1” if the clear majority of their pictures did not
include any other same-age peers (such as landscapes).
Pictures were rated “2” if the clear majority of pictures
featured one or two same-age people. Pictures were rated
“3” if the clear majority of pictures featured larger groups of
same-age peers (M= 2.35, SD= 0.88; ICC= 0.75).

Deviance from Social Norms about Online Posting

Number of posts with content deviating from social norms

Coders recorded the number of faux pas posts from friends
on the participant’s page – those that would likely be con-
sidered embarrassing or judged as inappropriate if viewed
by a parent, teacher, or employer. Examples of such posts
were those which contained explicit profanity and indirect
or direct references to alcohol use, drugs, delinquency, or
sex (M= 1.67, SD= 1.31; ICC= 0.77).

Number of different friends posting content deviant from
social norms

In addition to coding the total number of posts with content
deviating from norms on each participant’s page, coders
recorded the number of unique individuals who made such
posts (M= 1.40, SD= 1.31; ICC= 0.78).

Pictures with behavior deviating from social norms

Coders examined pictures posted to participants’ pages to
determine what proportion of pictures showed the target
participant engaging in behavior that might be embarrassing
or judged as inappropriate if viewed by a parent, teacher, or
employer (i.e. authority figure). Photos posted by
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participants themselves, as well as by their friends, were
considered. Coders considered participants’ photos as a
total set and, using visual cues, assigned a global rating of
0–3. Participants’ pictures were rated “0” if there were no
pictures posted on their page. Participants’ pictures were
rated “1” if the clear majority of their pictures did not
contain them engaging inappropriate behavior. For exam-
ple, a few pictures of the target participant and/or friends
hanging out and legally drinking beer would not be con-
sidered inappropriate. Pictures were rated “2” if some of the
pictures posted showed the participant engaging in beha-
viors that might be considered inappropriate if viewed by a
parent or authority figure (e.g., drinking games, dressing
provocatively). Pictures were rated “3” if there was at least
one picture that showed the participant and/or others
engaging in clearly inappropriate behavior. Such behaviors
included (but were not limited to) vandalism, passing out or
vomiting from drinking, nudity, or other generally out-
rageous or overtly sexual actions (M= 1.57, SD= 0.91;
ICC= 0.76).

Health Measures (Age 28)

Interleukin-6 (IL-6)

This cytokine associated with inflammation, and when
found in the bloodstream at higher levels, a marker of
potentially dysregulated immune functioning. Approxi-
mately 20 ml of blood were collected and treated with
EDTA (to prevent clotting) to determine circulating con-
centrations of IL-6. Plasma was separated via centrifuga-
tion, aliquoted, and stored at –80 8 C. IL-6 was measured by
ELISA (limit of detection ¼ 0.3 pg/ml; R&D Systems, San
Diego, CA). Intraassay and interassay coefficients of var-
iation (%CV) were 3.6 and 8.6% for IL-6. Resulting scores
were then log-transformed, as is typical with this measure,
to address skewness.

Subjective sleep quality

Subjective sleep quality was assessed using The Pittsburgh
Sleep Quality Index (Buysse et al., 1988), a self-report
questionnaire which assesses sleep quality and disturbances
over a 1-month time interval. Subjective sleep quality is one
of seven subscales of the measure and is derived from
participants’ rating of a single-item asking about their sleep
quality overall during the past month on a 0–3 scale, with
higher scores indicating better sleep quality.

Physical functioning

Participant physical functioning was assessed using a Health
Experience Questionnaire adapted from the RAND 36-item

Health Survey version 1.0 (Ware, & Sherbourne, 1992),
which was designed to assess eight health domains: physical
functioning, bodily pain, role limitations due to physical
health, role limitations due to emotional problems, emotional
well-being, social functioning, fatigue, and general health
problems. The physical functioning subscale includes par-
ticipants’ report of whether and to what extent their health
limits their ability to perform 10 different everyday activities
such as vigorous activities (e.g. running) and bending,
kneeling, or stooping. All items are scored on a 1–3 scale
with high scores defining a more favorable health state. The
physical functioning subscale showed good internal con-
sistency, yielding a Cronbach’s alpha of 0.93.

BMI

Height (in meters) and weight (in kilograms) were assessed
with light clothing, and BMI was calculated using the
standard formula BMI ¼ weight/height^2.

Results

Preliminary Analyses

Univariate and correlational analyses

Means and standard deviations for all primary variables are
presented in Table 1. For descriptive purposes, correlations
were examined between all key variables of interest and are
presented in Table 2. These analyses revealed that gender
and family income had significant associations with several
primary variables. Women were more likely to have a
greater number of posts from friends on their social media
webpage (r= 0.24, p < 0.05), as well as a greater number of
posts featuring connection comments as compared to men
(r= 0.23, p < 0.05). Women also had fewer posts contain-
ing deviant content (r=−0.28, p < 0.01) and fewer friends
posting comments with deviant content (r=−0.24,
p < 0.05), than men. Participants with higher household
income levels had a greater number of posts featuring
connection (r= 0.22, p < 0.05), and a greater number of
different friends making connection posts (r= 0.33,
p < 0.01). Higher income was also associated with lower
levels of IL-6 (r=−0.27, p < 0.001).

Preliminary analyses also investigated possible associa-
tions between predictor, control, and outcome variables.
Results of these correlational analyses revealed several
positive significant associations between online social
media variables at age 21 and physical health outcome
variables at age 28 (see Table 2). Outcome variables were
moderately correlated with one another, suggesting these
variables represented related but not redundant constructs
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within the domains of physical health functioning in young
adulthood. The control variables of social competence,
internalizing symptoms, and physical attractiveness asses-
sed at age 21 were uncorrelated with one another, with the
exception of a correlation between social competence and
internalizing symptoms (r=−0.59, p < 0.001). As hypo-
thesized, there were several strong correlations between
these control variables and physical health outcomes
assessed at age 21. Social competence was associated with
better sleep quality (r= 0.30, p < 0.001), whereas inter-
nalizing symptoms were associated with worse sleep quality
(r=−0.25, p < 0.01). Higher ratings of participant physical
attractiveness were associated with lower levels of IL-6
(r=−0.39, p < 0.001), better physical functioning
(r= 0.24, p < 0.01), and lower BMI (r=−0.54, p < 0.001)
at age 28.

Primary Analyses

Hypotheses were tested using hierarchical regression mod-
elling to assess the unique contributions of different aspects
of online social integration to outcomes related to young
adult physical health after controlling for relevant social,
psychological, and physical participant characteristics.
Analyses considered the extent to which general online
social activity, social ties, and deviance from peer group
norms about posting at age 21 would predict future levels of
IL-6, sleep quality, physical functioning, and BMI at age
28. Because of the high level of multicollinearity, online

social integration variables were entered separately (rather
than as a block) into individual regression models. Thus, for
all models, participant gender and household income were
entered into the model together at Step 1, and social com-
petence, internalizing symptoms, and physical attractive-
ness at age 21 were entered as a block at Step 2. At Step 3,
the relevant online social integration variable was entered.
Tables 3–4 show the effects of and variance explained by
Steps 1 and 2 at entry to the model, as well as the final
unique effect of and variance explained by each online
social integration variable after controls were entered.
Power estimates indicate that 80% power would be obtained
for standardized estimates equal to or greater than 0.21

Hypothesis 1

General online social activity will not be predictive of future
young adult physical health outcomes after controlling for
baseline social, psychological, and physical variables. Initial
correlational analyses found that having a greater number of
online friends was associated with better subjective sleep
quality (r= 0.26, p < 0.05). Moreover, receiving wall post
comments from a greater number of friends was correlated
with lower levels of IL-6 (r=−0.25, p < 0.05), better sleep
quality (r= 0.26, p < 0.05), and better physical functioning
(r= 0.29, p < 0.01). Although these trends were also evi-
dent in regression models, they all dropped below con-
ventional levels of significance after including the control
variables. No other significant effects emerged.

Table 1 Descriptive statistics for all study variables

Variable N Mean SD Min Max r with Gender r with Income

Gender (59 male, 79 female) 138 – – 1=male 2=female – –

Income 135 40–60 K/year – <$5 K/yr >$60 K/yr −0.15 –

Social Competence (21) 120 42.84 7.24 22 52 0.00 −0.01

Internalizing Symptoms (21) 123 11.14 11.10 0 56 0.09 0.10

Physical Attractiveness (21) 109 3.51 0.95 1.4 6.1 0.03 0.15

# of Facebook Friends (21) 84 306.45 255.67 11 1143 0.02 0.21

# of Posts From Friends (21) 74 229.67 303.80 3 2074 0.24* 0.14

# of Posts From Diff. Friends (21) 85 12.20 4.11 1 20 −0.03 0.19

# of Connection Posts (21) 85 7.35 4.05 0 17 0.23* 0.22*

# of Connection Posts from Diff. Friends (21) 85 5.28 2.62 0 11 0.14 0.33**

Same-Age Peers in Photos (21) 85 2.35 0.88 1 3 0.03 0.18

# of Deviant Posts (21) 77 1.67 0.90 0 3 −0.28** −0.04

# of Deviant Posts from Diff. Friends (21) 77 1.40 1.31 0 4 −0.24* −0.01

Pictures with Deviant Content (21) 85 1.57 0.91 1 3 −0.01 0.12

Interleukin-6 (28) 138 0.21 0.87 −1.56 2.72 0.14 −0.27***

Sleep Quality (28) 130 0.97 0.62 0 3 0.06 0.00

Physical Functioning (28) 128 91.68 16.53 25 100 −0.11 0.11

BMI (28) 126 28.24 8.87 16.43 68.88 0.07 −0.06

* p < 0.05, ** p < 0.01, *** p < 0.001
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Hypothesis 2

Online social ties with peers, as evidenced on social media,
will predict better future young adult physical health out-
comes after controlling for baseline social, psychological,
and physical variables. Correlations showed that having a
greater number of connection posts was associated with
lower IL-6 levels (r=−0.23, p < 0.05). Having a greater
number of friends making connection posts was associated
with lower IL-6 levels (r=−0.41, p < 0.001), better sleep
quality (r= 0.26, p < 0.05), better physical functioning
(r= 0.26, p < 0.05), and lower BMI (r=−0.33, p < 0.01).
Having same-aged peers featured in more posted pictures
was also associated with lower IL-6 levels (r=−0.23,
p < 0.05) and lower BMI (r=−0.38, p < 0.001). After
entering control variables in regression models, the number
of connection posts was no longer a significant predictor of
any outcomes. Having a greater number of friends making
connection posts continued to predict lower IL-6 levels
(β=−0.23 p < 0.05) and better sleep quality (β= 0.29,
p < 0.01). Having same-aged peers featured in more posted
pictures remained a significant predictor of lower BMI
(β=−0.25, p < 0.01). See Table 3.

Hypothesis 3

Posts that deviate from social norms – i.e., those containing
“faux pas” content – will predict worse future young adult
physical health outcomes after controlling for baseline
social, psychological, and physical variables. There were
significant correlations between having a greater number of
friends making posts deviant from online social norms and
higher IL-6 levels (r=−0.22, p < 0.05), worse sleep quality
(r=−0.25, p < 0.05), and worse physical functioning
(r=−0.24, p < 0.05). Having posted pictures that were
more deviant from social norms was associated with lower
IL-6 levels (r=−0.23, p < 0.05) and lower BMI
(r=−0.22, p < 0.05). After entering control variables in
regression models, both a greater number of deviant com-
ments (β= 0.24 p < 0.05) and a greater number of posts that
deviate from social norms (β= 0.23 p < 0.05) predicted
higher levels of IL-6. A greater number of posts that deviate
from social norms also predicted worse sleep quality
(β=−0.29 p < 0.01) and worse physical functioning
(β=−0.34 p < 0.01). Having pictures that were deviant
from social norms was no longer a significant predictor of
any outcomes when entered into a regression model. See
Table 4.

Post Hoc Analyses

Although the control variables of social competence,
internalizing symptoms, and physical attractivenessTa
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explained between 9–33% of variance in study outcomes,
post hoc analyses were also conducted with the inclusion of
a retrospective physical health variable regarding partici-
pants’ history of serious illness prior to age 18. Participants
reported on the presence versus absence of 43 distinct sig-
nificant health problems that were first experienced prior to
age 18 years and which had led, at some point, to hospi-
talization (M= 0.17; SD= 0.44). The measure thus pro-
vides a baseline marker of potential pre-existing health
difficulties and has been found to previously predict current
adult health quality (Allen, Uchino, & Hafen, 2015). This
measure of prior illness was not correlated with social
competence, internalizing problems, nor physical

attractiveness at age 21. It was also not correlated with IL-6,
physical functioning, nor BMI at age 28; the only sig-
nificant positive correlation was with worse sleep quality
(r= 0.20, p= 0.02) at age 28.

When included as an additional covariate in final
regression models with significant online predictors, history
of prior illness was not a significant predictor of any out-
come at age 28. In these models, having a greater number of
friends making connection posts continued to significantly
predict better sleep quality (β= 0.25, p < 0.05), and lower
BMI (β=−0.25, p < 0.01). The previous significant asso-
ciation with lower IL-6 (β=−0.23, p < 0.05) dropped just
below statistical significance (β=−0.19, p= 0.09) when

Table 3 Regression analyses examining social ties in posts as predictors of physical health outcomes

Interleukin-6 (28) Sleep Quality (28) Physical Functioning (28) BMI (28)

β ΔR2 R2 β ΔR2 R2 β ΔR2 R2 β ΔR2 R2

Step I 0.09** 0.09** 0.01 0.01 0.02 0.02 0.01 0.01

Gender 0.10 −0.07 −0.10 0.06

Income −0.26*** −0.01 0.09 −0.06

Step II 0.16* 0.25*** 0.12** 0.13* 0.09** 0.11 0.33*** 0.34***

Social Competence (21) 0.17 0.20 −0.17 0.16

Internalizing Symptoms (21) 0.08 −0.14 −0.23* 0.13

Physical Attractiveness (21) −0.39*** 0.19* 0.26** −0.58***

Model 1 Step III 0.00 0.25*** 0.00 0.13* 0.00 0.11 0.00 0.34***

Number of Connection Posts (21) −0.06 0.08 0.01 0.08

Model 2 Step III 0.03* 0.28*** 0.05** 0.18** 0.02 0.13* 0.00 0.34***

Number of Different Friends
Making Connection Posts (21)

−0.23* 0.29** 0.17 −0.05

Model 3 Step III 0.01 0.26*** 0.01 0.14* 0.00 0.11 0.05*** 0.39***

Pictures with Same-Age Peers (21) −0.13 0.11 −0.02 −0.25**

*p < 0.05, **p < 0.01, ***p < 0.001

Table 4 Regression analyses examining faux pas posts as predictors of physical health outcome

Interleukin-6 (28) Sleep Quality (28) Physical Functioning (28) BMI (28)

β ΔR2 R2 β ΔR2 R2 β ΔR2 R2 β ΔR2 R2

Step I 0.09** 0.09** 0.01 0.01 0.02 0.02 0.01 0.01

Gender 0.10 −0.07 −0.10 0.06

Income −0.26*** −0.01 0.09 −0.06

Step II 0.16* 0.25*** 0.12** 0.13* 0.09** 0.11 0.33*** 0.34***

Social Competence (21) 0.17 0.20 −0.17 0.16

Internalizing Symptoms
(21)

0.08 −0.14 −0.23* 0.13

Physical Attractiveness
(21)

−0.39*** 0.19* 0.26** −0.58***

Model 1 Step III 0.04*** 0.29*** 0.02 0.15* 0.03* 0.14* 0.00 0.34***

Number of Deviant Posts
(21)

0.24* −0.16 −0.19 0.06

Model 2 Step III 0.04*** 0.29*** 0.07*** 0.20** 0.10*** 0.21** 0.00 0.34***

Number of Different
Friends Making Deviant
Posts (21)

0.23* −0.29** −0.34** 0.03

Model 3 Step III 0.01 0.26*** 0.00 0.13* 0.00 0.11 0.00 0.34***

Pictures with Deviant
Content (21)

−0.16 0.01 −0.11 −0.10

*p < 0.05, **p < 0.01, ***p < 0.001
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prior illness was included; however, this seemed to be a
result of a slightly amplified effect of physical attractiveness
(β= 0.33 vs. β= 0.30), as history of prior illness itself was
not predictive of IL-6 (β= 0.01, ns).

Similarly, when prior illness was included, posts con-
taining content that deviates from social norms for posting
(β= 0.23, p < 0.05) and a greater number of friends making
such posts on the participant’s page (β= 0.21, p < 0.05)
continued to predict higher IL-6 levels. A greater number of
posts with such content also continued to predict worse
sleep (β=−0.27, p < 0.01) and worse physical functioning
(β=−0.36, p < 0.01).

Finally, we examined the potential for externalizing
behaviors and alcohol use to explain the study’s findings.
When externalizing behaviors and alcohol use (a measure of
number of alcoholic drinks consumed per week) were added
into models, respectively, having a greater number of
friends making connection posts remained a predictor of
lower IL-6 levels (β=−0.25, p < 0.05; β=−0.26,
p < 0.05) and fewer sleep problems (β=−0.27, p < 0.05;
β=−0.28, p < 0.05). Having a greater number of friends
making posts with content deviating from peer norms pre-
dicted higher IL-6 levels (β= 0.24, p= 0.01; β= 0.24,
p= 0.01), greater sleep problems (β=−0.25, p < 0.05;
β=−0.28, p < 0.01), and worse physical functioning
(β=−0.33, p < 0.01; β=−0.35, p < 0.01). Having more
pictures with same-age peers also continued to predict lower
BMI in both conditions (β=−0.25, p < 0.05; β=−0.25,
p < 0.05).

Discussion

Although offline social experiences have been linked to
markers of physical health, social experiences taking place
online during adolescence have yet to be considered as
predictors future physical health outcomes, particularly after
controlling for other likely explanatory factors. This study
examined social media posts received from peers as pre-
dictors of participants’ future physical health outcomes
(e.g., Interleukin-6 (inflammation), sleep problems, pro-
blems with physical functioning, and BMI) at age 28. The
results of this study found that several indicators of social
integration observed in posts on participants’ social media
pages in their early 20 s were strong predictors of their long-
term physical health across a range of outcomes 7 years
later. Importantly, these results remained after accounting
for potential social, psychological, and physical confounds.
The results indicated two key features of the types of posts
that were most predictive of future physical health. Pre-
dictive posts contained clear markers of either social ties
with peers or potential deviance from peer norms about
posting. Second, it was the number of different individuals

making such posts on the participant’s, rather than the sheer
frequency of these posts, that were most often predictive. In
contrast, more general markers social media activity such as
friend network size, overall number of posts received, or
even the number of different individuals posting (without
regard to what they were posting) were not ultimately
predictive of future physical health outcomes after
accounting for controls. Each of these findings is discussed
in turn below.

Generally speaking, social media posts from friends that
displayed evidence of a social tie or personal connection
between the participants and friends, either through their
verbal content or via pictures, were correlated with lower
levels of IL-6, better sleep quality, and lower BMI. The
current study also found that faux pas posts - featuring
content deviating from peer norms about posting - were
associated with participants’ future higher levels of IL-6,
worse sleep quality, and lower physical functioning. This
mirrors findings from a large body of research underscoring
the importance of social integration for physical health.
while extending these indicators of social integration to the
online domain.

Indeed, social media use has become ubiquitous for
young people and social integration in this domain has
likely become a social competency unto itself (Politte-Corn
et al., 2023). Youth who are successfully integrated in the
online domain (as shown by having strong social ties on
social media) are likely to reap benefits for their physical
health, because so much of their social interaction occurs
online. Conversely, a failure to integrate socially in this
context (as shown by having content that deviates from peer
norms about social media posts) may put individuals at risk
of alienation from their peers, with potentially significant
consequences for their health and well-being. Young adults
may also use social media as a context in which to enact the
same relationship patterns (healthy or unhealthy) that they
display in offline settings (Mikami & Szwedo, 2011).
Research has suggested that offline and online social skills
are related, though not identical (r= 0.18; Resnik & Bell-
more, 2019); this research also found positive correlations
between online social skills and a sociometric measure of
social media acceptance, and additional positive correla-
tions between social media acceptance and broader peer
acceptance.

However, when entered into regression models including
possible alternative explanatory variables, a particular fea-
ture of the most predictive types of social media posts
emerged. Although it might have been expected that simply
receiving more posts indicating social ties, or conversely,
more posts that deviated from peer norms, would strengthen
predictions to outcomes, nearly all correlations between
such “frequency” variables and outcomes were diminished
in regression analyses. Instead, the most predictive variables
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were often those which captured the number of different
individuals making a particular type of post.

When considering posts that indicate social ties (con-
nection posts), these results are perhaps suggestive of the
greater importance of broader social integration/acceptance
in the online domain relative to ties with one or two parti-
cular individuals for predicting adaptative outcomes. This is
an interesting possibility given recent evidence that a
stronger friendship with just one individual seems generally
to serve as a more robust predictor of long-term adjustment
relative to self-perceived broader social acceptance (Narr
et al., 2019). Because online social media essentially
maintains a historical record of recent and previous social
experiences with peers that is easily reviewable, it may be
that in this domain social ties are more likely to be con-
sidered broadly than individually. Perhaps benefits are
gained when individuals are able to look through a social
media feed and recognize examples of social ties with many
others among their posts rather than a few. Indeed, research
has found that while a measure of close friendship quality
with another person contributed indirectly to later physical
health quality, it was teens’ ability to understand, adapt to,
and fit in with the norms of their larger peer social group
that directly predicted future health quality (Allen et al.,
2015).

Notably, however, receiving posts that deviated from
peer norms from a greater number of individuals did not
similarly predict enhanced physical outcomes, but rather
predicted the opposite: poorer physical health. Interacting
with a greater number of individuals online thus seems to
cut two ways: positively if done in a way that demonstrates
or strengths social ties, or negatively if done in a way that
promotes social deviancy relative to expected peer norms
for posting. Although it is unclear if interacting with more
individuals in a socially deviant way online has any psy-
chological benefits for teens (some research has suggested
youth with a deviant friend have lower friendship quality
overall (Poulin, Dishion, & Haas, 1999), though some has
shown that while such youth have similar levels of
depression as friendless youth, they are less lonely
(Brendgen, Vitaro, & Bukowoski, 2000), the data point to
long-term problems in the physical domain, at least for
young adults. Even if there may be some short term social
or psychological benefits to such interactions, the nature of
these interactions is unlikely to be accepted more broadly
by the peer group (Roche et al., 2015), which could create
difficulties in forming and maintaining appropriate rela-
tionships with others in the future, such as with romantic
partners or co-workers. This may be particularly proble-
matic when considering physical health outcomes, as the
benefits of sustained romantic relationships for physical
health are well-established, and interpersonal difficulties in
the workplace might make it more difficult to sustain

employment necessary to help pay for physical health care
if needed (Johnson, Backlund, Sorlie, & Loveless, 2000).

Although these data help identify the types of social
media posts that may be predictive of future physical health
outcomes, the potential mechanisms of these predictions are
somewhat less clear. The findings related to posts showing
social ties (connection posts) are consistent with the idea of
how building a system of positive social support may confer
health benefits. Ample research has identified both lone-
liness (Holt-Lundstad et al., 2010) and stress (Glaser &
Kiecolt-Glaser, 2005) as predictive of physical health pro-
blems. Indicators of social ties online were often suggestive
of real-world interactions between friends, suggesting that
such posts may be indicators that individuals are spending
time with others, thereby potentially reducing feelings of
loneliness. As suggested above, the fact that social ties are
indicated and available online also means that individuals
may be able to access these ties even when they are alone
(indeed, that may be when they are most likely to). Thus,
individuals may not necessarily have to feel likely they are
alone very often, as they can both be in touch with friends at
almost any time via social media and can also review their
messages from friends and be reminded of the ties they have
with them (Allen et al., 2014).

Taken further, to the extent that connection posts do
reflect more intimate friendships, individuals who receive
such posts may truly be able to call upon those friends as
sources of support when stressed. These possibilities
suggest that there may be psychological or social features
that help account for the associations between connection
posts and physical health outcomes. Interestingly, indi-
viduals receiving connection posts from a greater number
of friends neither reported being less troubled by inter-
nalizing symptoms, nor having greater social competence,
as compared to participants receiving these posts from
fewer friends online, and their predictive effects held after
considering these variables in regression models. This
suggests there may be alternative processes to consider
with regard to how receiving such posts might be pre-
dictive of future health. Indeed, they may be more spe-
cific, in terms of actually being able to call on others for
emotional or practical support, or feeling positive about
the state of one’s friendships in a way that promotes
physical health through stress reduction. On this point, it
should be noted that having more pictures posted to their
social media page that featured same-age peers was pre-
dictive of a lower future BMI, even after controlling for
baseline levels of physical attractiveness that were highly
negatively correlated with BMI. This suggests the possi-
bility that friendships indicating social ties may also fea-
ture more in-person interactions, which has the potential
to include behaviors that could promote positive physical
health via in-person activity.
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As suggested above, although having friends who post
content that deviates from peer norms may have some
immediate psychosocial benefits (e.g. less loneliness), there
may be limitations to it that contribute to negative physical
health outcomes. Notable in the data was that receiving a
greater number of posts that deviated from peer norms from
others was negatively correlated with online friendship
network size and showed a trend toward negative correla-
tions with number of connection posts received from others
and pictures featuring same-age peers. This suggests that
although such individuals may have others with whom to
communicate, they may have a smaller social network to
draw from overall and be less likely to share more social ties
with their friends online. In the long term, this type of
online social experience may play out oppositely from that
experienced by individuals with many social ties; their
friends may be less reliable sources of support, and they
may lack the skills needed to even request such support in
the first place. Individuals who engage in more deviant
conversations online may also be more likely to engage in
riskier behaviors that could contribute to negative health
consequences (Dishion et al., 1996). For example, previous
research has identified deviant behavior in photos online as
directly predictive of individuals’ problematic alcohol use
(Szwedo et al., 2012).

Importantly, more general markers of social media activity
such as friend network size, overall number of posts received,
or number of different individuals posting overall, were ulti-
mately not predictive of future physical health outcomes in
regression models. Initial correlations suggested some pro-
mise for these variables, with greater friendship network size
correlated with better sleep quality, and the number of dif-
ferent individuals posting overall correlated with every out-
come in a way as to indicate more positive physical health.
However, it is suspected that these associations may have
been driven by receiving a larger number of connection posts
in particular from among the larger number overall. Such
results indicate the importance of looking beyond general
indicators of online activity and instead toward specific types
of interactions that youth are having online.

Beyond limitations noted above, several others merit
consideration. First, this study was correlational in nature,
precluding causal conclusions from being drawn from any of
its findings. It is possible that other processes unaccounted for
in the present study might help improve understanding of the
observed associations between online social media posts and
future health outcomes. Moreover, there are likely other
relevant qualities of posts that could be predictive of future
health outcomes (e.g., emotional support received, aggressive
behavior). Although the coding system captured observed
posts on the participants’ social media page (from peers and
from the participant), at the time online data collection
occurred there was not an easily accessible way to see what

participants were posting on friends’ pages. It would be
helpful to have a sense of whether or not there is evidence of a
social tie on both ends (reciprocation), and if this is a sig-
nificant predictor of health outcomes. Similarly, it would be
useful to see if participants themselves are making posts on
friends’ pages that deviated from peer norms for posting.
Individuals’ own behaviors online may be the strongest pre-
dictors of their future health. More recent iterations of social
media also allow for private and backchannel messaging,
which undoubtedly contributes to individuals’ overall well-
being, but is not typically available for others to see.

Another limitation was that we did not have baseline
physical health information to include in analyses. As a
result, we selected a range of social, psychological, and
physical variables that have been linked to physical health
in previous studies as controls. We also further probed
analyses by including a post-hoc variable of historical prior
illness, which did not significantly alter the pattern of results
(nor did externalizing behavior or alcohol use). Still, base-
line health assessments would help strengthen the study’s
ability to suggest that predictors were indicative of change
over time in physical health. It is also possible that parti-
cipants’ actual offline behaviors (e.g., poor sleep hygiene
for sleep problems) might mediate associations between
online predictors and health outcomes. Future studies would
benefit from greater consideration and inclusion of variables
representing such behaviors to better understand the con-
tribution of online behaviors relative to offline behaviors.
The relative youth of the sample is also relevant, given that
many participants may not begin to develop more sig-
nificant health problems until later in their lives. As such,
we included broad markers of physical health that might be
more relevant to a broad age-range, including stress (IL-6),
sleep, overall physical functioning, and BMI. Future studies
would benefit by exploring additional health outcomes that
might include more specific health behaviors (e.g., cigarette
smoking, alcohol use), or other health factors (e.g. blood
pressure, cholesterol), and possibly at older ages. Finally,
though this study aimed to use more objective (i.e. coded)
measures when possible, many control and outcome vari-
ables were self-reported and potentially subject to biases
(i.e. social desirability).

Conclusion

One of the most important implications from this study is
that how socially integrated young adults are with their
peers online deserves careful attention, not only for its
potential social and psychological consequences, but also
for its potential long-term physical health consequences.
The results of this study corroborate, and extend into the
online domain, recent research that has identified the quality
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of adolescent peer relationships as key predictors of phy-
sical health. Indeed, peer relationships on social media may
be an even more powerful mechanism for promoting the
types of relationships that will help individuals thrive or
struggle as they enter early adulthood as compared to in-
person communication. For example, the ever-available
nature of online communication via social media provides
ongoing opportunities to build social ties characterized by
intimacy and support. Even when individuals are not
actively communicating with others, they are able to review
previous interactions and derive positive emotional experi-
ences from doing so. However, the online domain also
allows individuals the opportunity to more easily build
relationships with others who may not ultimately help them
become more appropriately functional adults. Much of the
time, peer relationship dynamics operate outside the view of
parents and other important adults, so it may be difficult for
outsiders to fully appreciate the nature of these relationships
and to know if they are healthy or problematic. Given their
importance to long-term development, parents and others
might be well-served to look at the at the social integration
that youth are experience online, and to encourage healthy
communication and social ties while expressing concern for
more inappropriate posting, as it is becoming increasing
clear that even virtual interactions have very real long-term
implications.
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